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(54)[Title of the Invention] Pressure Sensor 
(57)[Abstract] 

[Subject] To provide a pressure sensor capable of achieving power saving. 
[Solving Means] When a process circuit part 5 judges based on potential at 
point B that a state where a pressure is not applied to a pressure-sensing 
element part 3 has continued for a predetermined time period, the process 
circuit part 5 turns off a transistor TR and performs processes to reduce the 
amount of power supplied to a display part 6, and moves the pressure sensor 
itself into power-saving state. 
[Selected Drawing} Fig.l 

[What is Claimed is] 

[Claim 1] A pressure sensor using a resistance element whose resistance 
value varies in accordance with a magnitude of pressure applied to a 
pressure-sensing part, wherein a state of the sensor moves into power-saving 
state while the pressure is not applied to the pressure-sensing part. 
[Claim 2] The pressure sensor according to Claim 1, comprising: state 
detection means for detecting non-pressure state where the pressure is not 
applied to the pressure-sensing part, based on the resistance value of the 
resistance element; 

judging means for judging that the non-pressure state detected by 
the state detection means continues for a predetermined time period; and 

state transition means for responding to a judgment output of the 
judging means and moving the pressure sensor into the power-saving state. 
[Claim 3] The pressure sensor according to Claim 2, 

wherein the resistance element in the pressure-sensing part 
includes: a first resistance element for measuring a magnitude of the applied 
pressure; and a second resistance element for measuring whether or not the 
pressure is applied, and 

wherein the state detection means detects the non-pressure state 
based on the resistance value of the second resistance element. 

[Detailed Descriptions of the Invention] 
[0001] 

[Technical Field to Which the Invention Belongs] 

This invention relates to a pressure sensor, and particularly to the 
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pressure sensor using a resistance element in a pressure-sensing part. 
[0002] 

[Prior Arts and Problems to be Solved by the Invention] 

A pressure-sensing part of a pressure sensor is generally constituted 
by any of a mechanical type, a capacitance type, a resistance type and a 
vibration type. Therefore, a displacement amount of the pressure-sensing 
part is determined in accordance with a pressure and the pressure sensor 
can perform measurement of the pressures or output of control signals. 
[0003] Fig.6 shows a block diagram of a conventional resistance-type 
pressure sensor. The pressure sensor of Fig.6 includes: a power circuit part 
1 for supplying power voltage Vcc for operation to respective parts of the 
sensor; a constant-current circuit part 2 which converts a supply voltage Vcc 
from the power circuit part 1 to a constant current; a pressure-sensing 
element part 3a supplied with the constant current from the 
constant-current circuit part 2 and outputs variations of electric signals in 
accordance with pressure applied externally, as an element output; an 
amplifier circuit part 4 which amplifies the element output; a process circuit 
part 5a configured by including an MPU so as to receive the amplified 
element output and process it according to a predetermined procedure; a 
display part 6 including a power indicator LED 61 indicating whether or not 
the power source is normal and a control output display LED 62 for 
displaying the control output according to the process by the process circuit 
part 5a; a setting part 7a for providing externally the process circuit part 5a 
with various setting data including display modes of the display part 6; and 
an output circuit part 8 for externally outputting a pressure value detected 
upon receipt of the output signal from the process circuit part 5a, as an 
electric signal. In order to display the detected pressure value in a digital 
form, the display part 6 may be, for example, one composed of 4-digit and 
7-segment or a liquid crystal display panel. Note that the number of 
interconnections for connecting each of the process circuit part 5a, the 
setting part 7a and the display part 6, is determined in accordance with the 
number of elements inputted/outputted from/to the process circuit part 5a. 
[0004] Fig.7 is a diagram illustrating placement of piezoresistor elements in 
the pressure-sensing element part 3a of Fig.6. In the pressure-sensing 
element part 3a, the piezoresistor elements 32 to 35 shown with oblique lines 
on a thin film 31 made of a silicon substrate are configured as a bridge circuit 
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through interconnections 37. As to an operation, when stress is generated 
by an external force on the thin film 31, a resistance value of the 
piezoresistor element varies in accordance with the stress, namely, a 
magnitude of the applied pressure. At this time, since the constant current 
is always supplied to the bridge circuit, a variation in the resistance value 
provides an element output as a variation in the voltage. 
[0005] As a pressure sensor currently in the main stream, many sensors are 
equipped with a display part providing good field of view by use of an LED 
(mainly performs display of the pressure value and status display of the 
control output). However, a mechanical type pressure sensor and an 
electronic type pressure sensor with an LCD display were going main stream 
in the past. In the case of the mechanical type pressure sensor, a power 
supply source is not required and so a power consumption of the entire 
equipment does not change even when the pressure sensor is mounted on the 
equipment. Moreover, the electronic type pressure sensor with the LCD 
display consumes less power than that consumed by the pressure sensor 
with the LED display, and accordingly an increase in power consumption of 
the entire equipment is small. 

[0006] From such a point of view, as to the pressure sensor with the LED 
display, an increase in power consumption of the entire equipment has 
become a problem due to the fact that a power consumption of the pressure 
sensor itself increases and that from several to several tens of pressure 
sensors are mounted on the equipment itself on which the pressure sensors 
are mounted. 

[0007] Therefore, an object of the invention is to provide a pressure sensor 

capable of achieving power saving. 

[0008] 

[Means for Solving the Problem] A pressure sensor recited in Claim 1 is one 
using a resistance element whose resistance value varies in accordance with 
a magnitude of applied pressure on a pressure-sensing part and is configured 
to move into a power-saving state while no pressure is being applied on the 
pressure-sensing part. 

[0009] The pressure sensor according to Claim 1, while no pressure is being 
applied externally, enters into the power-saving state and an amount of 
power consumption of the sensor is reduced. 

[0010] The pressure sensor recited in Claim 2 is configured by including; 
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state detection means for allowing a pressure sensor recited in Claim 1 to 
detect non-pressure state where the pressure is not applied on the 
pressure-sensing part based on a resistance value of the resistance element; 
judgment means for judging that the non-pressure state detected by the 
state detection means continues for a predetermined time period; and state 
transition means for moving the pressure sensor into the power-saving state 
in response to the judgment output of the judgment means. 
[0011] The pressure sensor according to Claim 2 rapidly moves into the 
power-saving state when the non-pressure state where the pressure is not 
applied on the pressure-sensing part has continued for a predetermined time 
period. Accordingly, a reduction in the amount of power consumption of the 
sensor can be achieved. 

[0012] Moreover, since detection of the non-pressure state by the state 
detection means is based on the resistance value of the resistance element, 
the non-pressure state can be easily detected. 

[0013] In the pressure sensor recited in Claim 2, the state detection means 
may be configured by including a resistance value determination part for 
determining that a resistance value of the resistance element in the 
pressure-sensing part is the value indicating the non-pressure state. In the 
case thus configured, the non-pressure state can be easily detected by the 
resistance value determination part. 

[0014] The pressure sensor recited in Claim 3 is configured in such a manner 
that in the pressure sensor recited in Claim 2, a first resistance element for 
measuring a magnitude of the applied pressure and a second resistance 
element for measuring whether or not the pressure is applied are included in 
the resistance element of the pressure-sensing part, and the state detection 
means detects the non-pressure state based on the resistance value of the 
second resistance element. 

[0015] According to the pressure sensor of Claim 3, power-saving can be 
readily achieved by simple improvement such that the second resistance 
element is included in the pressure-sensing part. 

[0016] The pressure sensor recited in Claim 3 may be configured in such a 
manner that the sensor includes an open/close control part of a current 
supply path to each part of the sensor and this open/close control part 
establishes the current supply path to the second resistance element in the 
power-saving state. When the sensor is thus configured, even in the 



5 



TokkaiHei 11-23385 



power-saving state, the current supply path to the second resistance element 
in the pressure-sensing part is established. Accordingly, it is possible to 
detect whether or not the pressure is applied externally. Therefore, even in 
the power-saving state, it is possible to reduce power consumption while 
maintaining responsivity as a sensor sufficiently, since the sensor can return 
rapidly to the state where the pressure value can be detected when the 
pressure is applied. 
[0017] 

[Embodiment of the Invention] Hereinafter, embodiment of the invention 
will be described. 

[0018] Fig.l is a block diagram of a resistance-type pressure sensor according 
to one embodiment of the invention. In comparison between the pressure 
sensor of Fig.l and the pressure sensor of Fig.6, the different point is as 
follows. When the sensor of Fig.l remains for a predetermined time period 
in the state where the stress is not generated in the pressure-sensing part by 
external force (hereinafter referred to as non-pressure state), such as a state 
during process transition, in order to move the sensor into the power-saving 
state, a pressure judgment part 9 and a transistor TR are newly provided. 
Moreover, as an alternative to each of the pressure-sensing element part 3a, 
the process circuit part 5a and the setting part 7a, a pressure-sensing 
element part 3, a process circuit part 5 and a setting part 7 including a 
setting switch 71 are respectively provided. The process circuit part 5 
newly includes a current supply path open/close output port E which is 
connected to a base side of the transistor TR for controlling on/off of the 
transistor TR as an input/output port and a pressure discriminating port D 
for receiving an output signal of the pressure judgment part 9. The other 
parts of the sensor of Fig.l are the same as those of Fig.6, and description 
thereof will be omitted. 

[0019] Minimum set of the circuit parts necessary to operate during the 
non-pressure state are as follows. Since the pressure sensor must 
immediately move into a state of normal measurement when the pressure is 
applied even while in the power-saving state after the non-pressure state has 
continued for a certain time period, a detection function part of the pressure 
judgment part 9 and the output circuit 8 are operated continuously. 
Moreover, since there is also a possibility of setting in the non-pressure state, 
in order to enable a user to set even when the state moves into the 



6 



TokkaiHei 11-23385 



power-saving state, the setting part 7 is always put in a state where input 
can be received. Whether or not a power supply is required for each circuit 
part is as follows. 

[0020] The power circuit part 1 requires a power supply as a matter of course. 
The pressure judgment part 9 always requires a flow of micro current in 
order to discriminate a pressure. The process circuit part 5 requires a 
power supply for always reading and discriminating potentials of point B 
and point Bl to be described later. The setting part 7 requires a power 
supply for always allowing the process circuit part 5 to read an input from 
the setting part 7, since the setting part 7 cannot change the setting to that 
of the non-pressure state at the time of maintenance. 

[0021] The output circuit part 8 requires a power supply, since it is necessary 
to output on or off as a control output even when the pressure sensor is 
stopped. The display part 6 does not require a power supply, since basically 
the pressure sensor is stopped and display is not necessary while in the 
non-pressure state. Since the pressure sensor is basically stopped while in 
the non-pressure state, pressure measurement is not performed. 
Accordingly, the amplifier circuit part 4 does not require a power supply. 
Since the pressure sensor is basically stopped while in the non-pressure state, 
pressure measurement is not performed and a power supply is not required 
for the constant-current circuit part 2. 

[0022] Fig.2 is a diagram illustrating placement of the piezoresistor elements 
in the pressure-sensing element part 3 of Fig.l. In Fig.2, one piezoresistor 
element 36 in addition to a conventional resistance bridge circuit is 
additionally formed on the thin film 31 in the pressure-sensing element part 
3. The pressure judgment part 9 connects the pressure-sensing element 
part 3 to the power voltage Vcc side through the resistors 36 and 91, and 
point B between the resistors 91 and 36 is connected to the port D of the 
process circuit part 5. 

[0023] Fig.3 is an internal block diagram of the process circuit part 5 of Fig.l. 
In Fig.3, the process circuit part 5 includes: an MPU 51; a RAM 52 for 
storing a potential data NP and a predetermined time data TD, in the 
non-pressure state; a ROM 53; an A/D converter 54; an input port 55 for 
receiving a setting condition from the setting part 7; and an output port 56 
for outputting to the display part 6. 

[0024] The MPU 51 receives an element output of the pressure-sensing 
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element part provided from the amplifier circuit part 4 through the A/D 
converter 54 and a potential at the point B applied to the port D. Since a 
power to the pressure sensor is applied while putting in the non-pressure 
state, the MPU 51 receives the potential at the point B and stores it in the 
RAM 52 as the potential data NP in the non-pressure state. Moreover, 
duration-time of the non-pressure state for judging a transition into the 
power-saving state obtained in advance by user operation of the setting 
switch 71 in the setting part 7 is stored in the RAM 52 as the predetermined 
time data TD. 

[0025] Fig.4 is a block diagram of a resistance-type pressure sensor according 
to other embodiment of the invention. Here, the sensor is configured to 
control open/close of the current supply path only to the amplifier circuit part 
4 by controlling on/off of the transistor TR through the process circuit part 5. 
[0026] In the pressure sensor of Fig.4, a resistance value of the bridge circuit 
in the conventional pressure-sensing element part 3a is measured at the 
point Bl in the drawing. If the measured value shows a value equivalent to 
that of the non-pressure state continuously for a predetermined time period, 
accordingly the process circuit part 5 controls the transistor TR from on-state 
to off-state through the port E, stops the current supply to the amplifier 
circuit part 4, and reduces the amount of power supplied to the display part 6 
to the degree that only the power indicator LED 61 can light up. In this way, 
power saving can be achieved in the non-pressure state in the sensor of Fig.4. 
[0027] Fig.5 is a process flowchart in order to achieve power saving of the 
pressure sensor by the process circuit part 5 of Figs. 1 and 4. With reference 
to Figs.l to 5, operation of power saving by use of the process circuit part 5 
will be described. When the MPU is in a measurement mode, the MPU 
detects an applied pressure based on the element output by the 
pressure-sensing element part 3 (3a), as well as receives a potential at the 
point B (Bl) through the port D, and converts it in the A/D converter 54. 
Then whether or not the state is currently in the non-pressure state is judged 
based on whether or not voltage data at the point B (Bl) indicates the 
potential data NP in the non-pressure state stored in the RAM 52 (SI to S2). 
[0028] If the state is not in the non-pressure state (N in S3), pressure 
measurement is performed through the processes SI to S3. 
[0029] On the other hand, if the state is judged to be in the non-pressure 
state (Y in S3), the MPU 51 starts an internal timer (S4), and judges whether 
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or not the non-pressure state continues for the time period indicated by the 
predetermined time data TD (S5). 

[0030] If the non-pressure state does not continue for the time period 
indicated by the predetermined time data TD, the pressure measurement is 
performed as described before (N in S5). 

[0031] On the other hand, if it is judged that the non-pressure state has 
continued for the time period indicated by the predetermined time data TD 
(Y in S5), the MPU 51 turns off an internal switching transistor (not 
illustrated) by program manipulation, reduces the power supply for the 
display part 6 to the power amount that only the power indicator LED 61 can 
be driven, and turns off the transistor TR through the port E (S6). With the 
transistor TR turned off, in the pressure sensor of Fig.l, the current supply 
paths to the amplifier circuit part 4 and the constant-current circuit part 2 
are interrupted. In the pressure sensor of Fig.4, the current supply path to 
the amplifier circuit part 4 is interrupted. Incidentally, since at this time 
the established state of the current supply path to the judgment part 9 is 
maintained, it can be promptly confirmed that the sensor is released from 
the non-pressure state later. 

[0032] Thereafter, the MPU 51 judges whether or not the current state is still 
in the non-pressure state (S7). If the state is judged not to be in the 
non-pressure state (N in S7), the MPU 51 turns on the transistor TR through 
the port E. In Fig.l, the MPU re-establishes the current supply path to the 
amplifier circuit part 4 and the constant-current circuit part 2, as well as 
supplies normal amount of power to the display part 6. Moreover, in the 
pressure sensor of Fig.4, the MPU turns on the transistor TR and establishes 
the current supply path to the amplifier circuit part 4, and returns the 
amount of power supplied to the display part 6 to a normal level. 
[0033] On the other hand, if the current state is judged to be still in the 
non-pressure state (Y in S7), the MPU repeats the process of S6, and 
interruption of the current supply path and reduction in the amount of power 
supplied to the display part 6 are maintained. 

[0034] As described above, since only a minimum amount of required power 
is supplied to both pressure sensors of Figs. 1 and 4 in the non-pressure state, 
power consumption of the sensor itself can be reduced. Therefore, it is 
possible to achieve long duration of life by suppressing heat generation of the 
sensor itself and by reducing degradation of the sensor. Moreover, it is also 
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possible to reduce power consumption in a equipment mounting this 
pressure sensor. 

[Brief Description of the Drawings] 

Fig.l is a block diagram of a resistance-type pressure sensor according to one 
embodiment of the invention. 

Fig.2 is a diagram illustrating placement of piezoresistor elements in a 
pressure-sensing element part of Fig.l. 

Fig.3 is an internal block diagram of a process circuit part of Fig.l. 

Fig.4 is a block diagram of a resistance-type pressure sensor according to 

other embodiment of the invention. 

Fig.5 is a process flowchart in order to achieve power saving of a pressure 
sensor by use of a process circuit part of Figs. 1 and 4. 

Fig.6 is a block diagram of a conventional resistance-type pressure sensor. 
Fig.7 is a diagram illustrating placement of piezoresistor elements in a 
pressure-sensing element part of Fig.6. 

[Description of Numerals and Symbols] 
3 and 3a; pressure-sensing element part 
5; process circuit part 

32,33,34,35 and 36; piezoresistor elements 



Note that the same reference numerals and symbols in each drawing 
designate the same or equivalent parts. 
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[0023] 03 l£|B 1 <D5ftgilE]ffi§P 5 (OrtSP^P ? 
HT?ft*o 0 3(C^LNT^S[elS8a5 5(iMP U 5 1 % M 
E^ttffilcfel+SBfi^r— * N PiS^tfWffittPiSiy— * 
T DgfiflH" Z>R AM 5 2 % ROMS 3. A/D3>/< 
R3E»7^&(D»ffittB*A*J-r*/=«)a>A 

[0024] MPU51liA/D3>A-^54$^L 
r ig*Sli]S&S5 4 Ax & & BEiRT-SKDtRT-dl * t 
tK— hp(c#x.e>*L/=jj5B<D«(iS:A*"r4o E*-tr> 
^<D«*4«tE*«IBlcLTaA**l4a>T?. MPU 
5 1 f4j£B0)m<££A2iL-C. ^E^lBt^mteT — £ N 

K^^aKst*^ ^7 1 y#6*ifc*« 
*«B^o»!rS«ffi^*t=Aa)«tE*«Ba)«ttftra 

cfe*8tSaE*-b>-9-<D^P^^Bn?fc*o -c-cfi. 



[0 0 2 6] H4<DIE*-b>-9-CI*«£*a)Bffiai^«S3 
C5CTtoSHI»ffl5 7b<7K— hE^Lt 

>vX* TRJON^O Fjnc*|fflLWWS»»4^0> 

l e d e 1 (D^/iSfl-prte* ■i=M«-r *• c 
«*fl:*<B&*i*.' 

[0 0 2 7] H5l£. 01 £B40)ft!Ul|B]B8P 5 

*<ka>«iftSlftwr*o mpui*JW6^— Klc**£ 

Bffifft^WS (3a) tC < fc4tRT-tt*lC*-5l>rftl 
EAStttJJ-** £b (B1) (D«fi*/-K— h 

B ( B 1 ) (DBJE^r — 4rj5<RAM5 2*0)*a*»<D« 

A**«3e-ra (s 1 ~s 2) . 

[0 0 2 8] «fta*««T?e:l+*Lli (S3TN) . S 1 

[0 0 2 9] J^*ttffiT?fc*C£*<fl£*;h* 
<h (S3"CY) . MPU5 1li^»^-f7jX^-h 
*1*T (S4) , jSE^^Wg^lf-^TDI?^ 

[0 0 3 0] JlffajttS^BfWIBi?— 4rTDT?*-r*l 

sMl* (S 5-CN) o 

[003 1] «ta*«fB*<W3ettra j r— 5» TDt 

^^-««raai3BILfcC<tA<¥i]^^tl^i: (S5T?Y) . M 
P U 5 1 l±P*3ffl(D0^*tLftl^X-f vTls? h7>yX 
**?ay7A»li:j:y OF F LTg^3i6-vt7>m;JI 

tttt«WBSiF L E D 6 1 ^■■WttftVASlcMK 
#-KEt*LT h7>vXnR50 
FFfl) (S6) o h7>vX^TR©OFFI:J:y, 

H]SS^2^(Dm^tt*&S&*<igffiT^*t. H!4<DlE^-tr>H7- 
lcfcixT(*»BSB»4^a)«3(EttJ&tt*<i6Br*#i*o 



[003 2] ^£>&. MPU51 liSfit •lUE*ttfi"e 
fc*A^g^*flg-r-6 (S7) o J*ffi*tt«-e«l*C±: 
A<«S**l-6i: (S7t?N) . MPU51li/f-hE$ 
^Lt h7>vX^ TR£ON|CLT0 1 lc£lvc(*Jt 

*o *fcB4fl!>E*-b>1#-|=i3^ri*h5>^X.*TR 
£ O N 1= L TliBHBSP 4 ^<D«a«l&B*«3£ £ -t*T 

s^sp 6 -a>m73«*&M£ ant u^nca-r . 

[0033] -»9tfttiMEAtta-eA«&M3e.-r4i(2 
(S7-CY) % S60)«iai£lRfiL«a[^ttBa>anr^: 

[0 0 3 4] ±&Lfc«fc5l=* B 1 j3*fcr/B4 0>£EA-b 
[■■aNMLttKM] 

[B1] cco^B^^-llfficD^Slc^^gttxeiETa-trV 
tHD^p^B-efc&o 

[B2] B"ia>Bff**»=feit*exvr«fit*^a>E 

BS^-rB-ea&So 

[B3] B1 <Offl31|5|BW(Drt»^P^^HX?fe*. 
[B4] C^JB^^-tOffeOHfitco^SlZcfe^tttSSE 

[B5] B 1 ^B4(Z>5aS{HlBSPI^cfc4/±7a-lz>-9-(7)^ 
[B6] «e*a>«tSaJE*-b>-9-<D^P^^B"Cfc*o 

3.3a fflEJE*^-* 

5 mm®&® 

32. 33. 34. 35. 36 tfl 
5 1 M P U 

NP *UEAB#0>BGfT— $ 
TO HfseilWB^-* 

eras* ftB*H-a>*iO>r*H-*fci*fta»»**-r« 
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